U.  S.  ARMY  AEROMEDICAL  RESEARCH  LABORATORY 
NAVAL  AEROSPACE  MEDICAL  RESEARCH  LABORATORY 

July  1971 

Approved  for  public  release;  distribution  unlimited. 

90  06  11  168 


85531 


Approved  for  public  release;  distribution  unlimited. 


EFFECTS  OF  DIFFERENT  ALCOHOL  DOSAGES  AND  DISPLAY  ILLUMINATION  ON 
TRACKING  PERFORMANCE  DURING  VESTIBULAR  STIMULATION 


Richard  D.  Gilson,  David  J.  Schroeder,  William  E.  Collins,  and  Fred  E.  Guedry,  Jr. 


Bureau  of  Medicine  and  Surgery 
MF 12. 524. 004-5001 BX5G 

U.  S.  Army  Aeromedical  Research  Laboratory 


Approved  by 


Released  by 


Ashton  Graybiel,  M.D. 
Assistant  for  Scientific  Programs 


Captain  N.W.  Allebach,  MC,  USN 
Officer  in  Charge 


26  July  1971 


NAVAL  AEROSPACE  MEDICAL  RESEARCH  LABORATORY 
NAVAL  AEROSPACE  MEDICAL  INSTITUTE 
NAVAL  AEROSPACE  MEDICAL  CENTER 
PENSACOLA,  FLORIDA  32512 


SUMMARY  PAGE 


THE  PROBLEM 

A  previous  investigation  showed  that  alcohol  impairs  the  ability  to  suppress  vestibu¬ 
lar  nystagmus,  thus  degrading  visual  compensatory  tracking  performance  during  angular 
acceleration.  Reduced  display  illumination,  independently,  has  also  been  shown  to 
degrade  tracking  performance  during  vestibular  stimulation.  The  present  study  investi¬ 
gated  the  way  in  which  low  and  moderate  dosages  of  alcohol  and  two  levels  of  instru¬ 
ment-display  illumination  combined  to  affect  tracking  performance  a)  in  a  static  (no 
motion)  environment,  and  b)  in  a  dynamic  (whole-body  motion)  environment. 

FINDINGS 

Mean  blood-alcohol  levels  as  low  as  0.027  per  cent  significantly  (p  <  .05) 
decreased  tracking  performance  during  whole-body  motion,  yet  caused  little  change  in 
performance  in  a  stationary  environment.  Impairment  was  much  more  pronounced  with 
dim  display  lighting  (0.1  ft-L)  than  with  bright  lighting  (1 .0  ft-L).  These  results  sug¬ 
gest  that  serious  problems  may  be  encountered  even  by  the  pilot  who  drinks  lightly  and 
who  considers  flying,  especially  at  night. 

ACKNOWLEDGMENTS 

This  study  was  conducted  at  the  FAA's  Civil  Aeromedical  Institute  and  was  co¬ 
sponsored  by  the  FAA,  the  Army  Medical  Research  and  Development  Command,  and  the 
Naval  Aerospace  Medical  Research  Laboratory.  LT  Gilson  is  a  Research  Psychologist 
and  Dr.  Guedry  is  Chief  of  the  Psychophysio  logical  Sciences  Division  at  NAMRL;  Dr. 
Schroeder  is  a  Research  Psychologist  and  Dr.  Collins  is  Chief  of  the  Psychology  Labora¬ 
tory  at  CAMI .  The  expert  assistance  of  Carl  Moore  in  obtaining  the  blood  samples,  and 
of  Elizabeth  Gilson,  Carlyn  Manley,  Cynthia  Cochran,  and  Blair  Fennell  in  the  collec¬ 
tion  and  scoring  of  the  data  is  gratefully  acknowledged.  Gas  chromatographic  analysis 
of  the  blood  samples  was  performed  under  contract  by  Dr.  Kurt  Dubowski,  University  of 
Oklahoma  Medical  Center. 


Findings  in  this  report  are  not  to  be  construed  as  official  Departments  of  the  Army  and 
Navy  positions,  unless  so  designated  by  other  authorized  documents. 


INTRODUCTION 


Recently,  effects  of  laboratory  vestibular  stimulation  on  the  visibility  of  a  cock¬ 
pit  instrument  have  been  examined  (1-3).  These  effects  have  been  of  interest  because 
eye  movements  induced  by  whole-body  angular  acceleration  normally  help  to  stabilize 
the  position  of  the  eye  in  relation  to  stationary  objects,  but  they  are  inappropriate  for 
viewing  objects  that  are  moving  with  the  observer.  In  flight  situations  the  result  can 
be  blurring  of  vision  in  the  cockpit  and  impairment  of  performance. 

A  pilot  can  usually  suppress  these  eye  movements  by  fixating  on  an  instrument. 
Evidence  has  been  presented,  however,  that  this  suppressive  ability  is  impaired  after 
alcohol  consumption  and  that  compensatory  tracking  performance  is  affected  (2).  Thus, 
although  visibility  of  cockpit  instruments  and  tracking  performance  may  not  be  measur¬ 
ably  degraded  by  some  amounts  of  alcohol  in  static  environments  (absence  of  vestibular 
stimulation),  they  may  be  seriously  impaired  during  dynamic  flight  environments. 

This  problem  may  be  even  more  severe  at  night  since  reduced  display  illumina¬ 
tion  recommended  for  night  flying  has  been  shown  to  increase  the  blurring  and  per¬ 
formance  decrements  that  result  from  vestibular  nystagmus  (3).  Thus,  there  is 
the  possibility  that  even  relatively  low  dosages  of  alcohol  are  effective  in  producing 
these  undesired  consequences  in  dynamic  environments. 

The  present  investigation  was  designed  to  study  the  way  in  which  these  two 
conditions,  alcohol  and  low  instrument  illumination,  combine  to  affect  performance 
during  vestibular  stimulation. 


PROCEDURE 


SUBJECTS 

Twenty-four  male  college  students  ranging  in  age  from  21  to  30  years  served  as 
subjects.  Each  was  a  paid  volunteer  and  none  had  had  previous  laboratory  experience 
involving  vestibular  stimulation. 

Three  groups  were  used,  each  composed  of  eight  subjects.  Those  in  two  groups 
received  a  mixture  of  100-proof  vodka  and  orange  juice.  Subjects  in  the  "low  alcohol" 
group  received  1  ml  of  vodka  per  kilogram  of  body  weight  and  those  in  the  "moderate 
alcohol"  group  received  2  ml  of  vodka  per  kilogram  of  body  weight.  Subjects  in  the 
control  group  were  given  orange  juice  without  vodka  but  with  a  few  drops  of  rum  ex¬ 
tract  added  to  impart  an  alcoholic  taste.  Subjects  were  separated  by  groups  and  were 
not  informed  concerning  the  amounts  of  alcohol  they  had  received . 

APPARATUS 

The  rotational  device,  recording  techniques,  eye-movement  calibration  proce¬ 
dures,  and  the  compensatory  tracking  task  have  been  described  in  detail  previously  (2). 
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Briefly,  the  subject  was  seated  upright  in  a  small  cockpit-enclosure  mounted  on  a 
Stille-Werner  RS-3  rotator,  with  his  horizontal  semicircular  canals  approximately  in 
the  plane  of  rotation.  The  angular  velocity  of  the  device  followed  a  triangular  wave¬ 
form  and  alternately  reached  a  peak  velocity  of  120  deg/sec  in  the  clockwise  and 
counterclockwise  directions.  A  complete  cycle  required  48  seconds. 

Lateral  eye  movements  were  recorded  during  vestibular  stimulation  by  a  conven¬ 
tional  electro-oculographic  technique.  Mean  values  of  the  nystagmic  beats  and  the 
amount  of  slow  phase  eye  velocity  were  measured  at  two,  sample  5-second  intervals  for 
each  trial  and  were  chosen  to  include  maximum  nystagmus  output  in  a  single  direction. 

A  compensatory  visual -tracking  task  provided  the  measure  of  visual  performance. 

A  sinusoidal  "forcing  function"  deflected  the  vertical  needle  of  an  aircraft  localizer/ 
glide-slope  indicator  while  the  subject  attempted  to  maintain  the  needle  in  the  null 
position  by  manipulation  of  a  control  stick.  Deviations  of  the  needle  were  considered 
errors  and  these  were  integrated  over  consecutive  1-second  intervals.  These  values 
were  summed  and  an  average  value  was  obtained  for  each  trial . 

The  instrument  was  illuminated  by  projecting  light  through  a  tube  to  localize  on 
the  display.  This  served  to  minimize  reflection  in  the  otherwise  darkened  room.  Volt¬ 
age  across  the  3-V  dc  light  source  was  adjusted  for  a  luminance  of  1 .0  ft— L  as  measured 
with  a  MacBeth  illumi nometer.  A  second  illumination  level  of  0. 1  ft— L  was  also  used; 
this  was  produced  by  placing  a  1 .0  neutral  density  filter  in  front  of  the  projected  light 
source.  Both  levels  of  illumination  are  within  a  range  recommended  for  aircraft  instru¬ 
ments  (4). 

METHOD 

Prior  to  being  tested,  each  subject  was  given  5  minutes  of  tracking  practice  with 
the  rotational  device  stationary.  He  then  underwent  an  experimental  sequence  con¬ 
sisting  of  four  tracking  sessions:  a  pre-drinking  session  and  post-drinking  sessions  at  1, 

2,  and  4  hours  after  a  30-minute  drinking  period  had  been  completed. 

Each  session  consisted  of  2.5  minutes  of  "static"  tracking  with  the  rotational 
device  stationary,  and  2.5  minutes  of  "dynamic"  tracking  with  the  device  rotating. 

This  was  carried  out  with  the  two  display  illumination  levels,  one  trial  at  1 .0  ft— L 
and  one  trial  at  0. 1  ft-L.  The  order  of  presentation  of  these  conditions  (static  or  dy¬ 
namic  tracking  and  a  bright  or  dim  display  illumination)  was  counterbalanced  across 
subjects,  and  at  least  a  1-minute  interval  was  allowed  between  tracking  periods.  Before 
each  testing  session,  a  venous  blood  sample  was  drawn  from  those  subjects  receiving  al¬ 
cohol  for  analysis  of  blood  alcohol  by  gas  chromatography.  Eye-movement  calibrations 
were  obtained  for  each  session. 


RESULTS 

The  mean  blood-alcohol  level  for  the  moderate  alcohol  group  was  0.077  per  cent. 
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somewhat  more  than  double  the  0.027  per  cent  level  for  the  low  alcohol  group  at  the 
1-hour  testing  session.  After  2  hours,  these  blood-alcohol  levels  were  reduced  to 
0.076  per  cent  and  0.018  per  cent,  respectively;  after  4  hours  they  were  further  re¬ 
duced  to  0.041  per  cent  and  0.000  per  cent,  respectively. 

Means  and  standard  deviations  for  the  slow  phase  and  frequency  measures  of 
nystagmus  during  dynamic  trials  and  for  tracking  error  during  both  static  and  dynamic 
trials  are  presented  in  Table  I  for  both  conditions  of  display  illumination.  Figure  1 
represents  the  measured  samples  of  nystagmus  as  mean  values  of  slow  phase  velocity,  in 
degrees  per  second,and  frequency  in  beats  per  second  plotted  for  the  two  levels  of 
illumination  and  separated  by  group.  Both  measures  showed  essentially  the  same  results: 
that  nystagmus  in  light  was  greater  after  consumption  of  alcohol .  Subjects  in  both  alco¬ 
hol  groups  showed  a  sizeable  first-hour  increase  in  the  nystagmus  measures  from  the  pre- 
drinking  level,  whereas  those  in  the  control  group  showed  a  decrease  in  nystagmus  with 
repeated  trials.  The  1-log  unit  reduction  in  display  illumination  was  relatively  inef¬ 
fective  in  changing  nystagmus,  although  the  0.1  ft— L  level  was  associated  with  some¬ 
what  greater  nystagmus.  Statistical  evaluations  are  in  Table  II. 

The  tracking  results  are  shown  in  Figure  2  as  the  percentage  increase  or  decrease 
in  tracking  error  for  the  three  post-drinking  tests  with  respect  to  the  pre-drinking  error 
level.  These  are  plotted  for  the  three  groups  and  the  four  testing  conditions:  tracking 
with  or  without  vestibular  stimulation  (dynamic  or  static)  and  with  a  display  illumination 
of  either  0. 1  ft— L  or  1 .0  ft— L  (dim  or  bright). 

Tracking  errors  increased  over  the  pre-drinking  level  only  for  the  alcohol  groups 
during  dynamic  tracking.  Although  this  effect  was  more  striking  for  those  in  the  mod¬ 
erate  alcohol  group,  it  was  apparent  that  those  in  the  low  alcohol  group  also  exhibited 
the  effect.  (The  difference  between  the  low  alcohol  and  the  control  groups  was  sig¬ 
nificant  at  the  .05  level  for  the  first  post-drinking  test.  See  Table  III.)  Results  of 
within-group  and  between-group  statistical  comparisons  are  presented  in  Table  III. 

Also  apparent  was  the  fact  that  the  dim  display  illumination  greatly  increased 
the  error  rate  during  dynamic  tracking.  For  the  1-log  unit  decrease  in  luminance,  the 
error  rate  increase  was  approximately  doubled  (see  Figure  2). 

During  static  tracking,  however,  the  alcohol  groups  did  no  worse  than  the 
controls;  indeed,  during  most  of  the  static  testing  they  decreased  their  errors  somewhat 
more  quickly.  This  again  was  more  apparent  under  dim  illumination  than  bright. 

DISCUSSION 

The  results  show  clearly,  despite  what  appears  to  be  for  the  control  group  a 
persistent  practice  effect,  that  alcohol  ingestion  significantly  decreased  performance 
during  vestibular  stimulation,  yet  caused  little  change  in  static  tracking  performance. 
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STATIC  TRACKING 


During  static  tracking  vestibular  nystagmus  is  not  present,  and  therefore,  no  blur* 
ring  or  performance  impairment  can  occur  from  this  source.  There  was  a  slightly  faster 
improvement  in  static  tracking  performance  across  sessions  by  those  given  the  low  alco* 
hoi  dose  over  the  control  group.  However,  the  only  point  at  which  there  was  any  sig¬ 
nificant  difference  between  the  control  and  low  alcohol  groups  in  static  tracking  was 
during  the  4-hour  post-drinking  session  when  there  were  no  longer  measurable  quanti¬ 
ties  of  alcohol  present  in  the  blood  samples  of  the  low  alcohol  subjects;  as  such,  the 
static  tracking  differences  may  more  closely  reflect  differences  in  eye-hand  coordina¬ 
tion  abilities  among  the  groups. 

DYNAMIC  TRACKING 

These  results  confirm  those  reported  in  a  previous  study  (2),  which  showed  that  the 
vestibular  nystagmus  evoked  during  dynamic  tracking  was  not  suppressed  as  well  by  sub¬ 
jects  under  the  influence  of  moderate  dosages  of  alcohol .  Thus,  blurring  of  vision  and 
the  impairment  of  performance  ensued .  The  present  study  indicates  that  these  same 
effects  are  significant  for  average  blood-alcohol  levels  as  low  as  0.027  per  cent.  It 
should  be  noted  that  these  latter  alcohol  levels  were  achieved  with  alcohol  dosages 
equivalent  to  less  than  two  social  drinks  for  the  average-sized  man. 

DISPLAY  ILLUMINATION 

The  effects  of  vestibuiar  stimulation  on  tracking  were  much  more  pronounced  during 
the  dim  display  illumination.  Increased  blurring  and  performance  degradation  with 
reduced  illumination  during  dynamic  tracking  has  previously  been  reported  (3),  and  the 
absence  of  a  commensurate  change  in  nystagmus  was  cited  as  evidence  of  a  visual  phe¬ 
nomenon.  This  phenomenon  was  magnified  in  the  present  study  by  the  unsuppressed 
nystagmus  due  to  alcohol .  The  combination  of  the  dim  illumination,  vestibular  stimu¬ 
lation,  and  the  influence  of  alcohol  produced  the  poorest  tracking  performance,  where¬ 
as  the  control  group  with  greatly  suppressed  nystagmus  was  not  affected  significantly  by 
the  illumination  change  at  these  relatively  low  angular  velocities. 

IMPLICATIONS 

The  dramatic  impairment  in  tracking  performance  only  in  the  dynamic  environment 
shows  the  insidious  nature  of  this  effect.  A  pilot  who  drinks  lightly  may  be  able  to 
convince  himself  on  the  ground  that  his  abilities  are  unimpaired  and  thus  may  feel  safe 
to  enter  the  cockpit.  Results  of  this  study  suggest,  however,  that  he  is  entering  a 
potentially  dang  rous  situation.  If,  while  flying,  particularly  at  night  V'ith  dim  dis¬ 
play  illumination,  the  pilot  encounters  vestibular  stimulation  as  a  result  of  maneuvers, 
turbulence,  or  some  inner-ear  dysfunction,  he  may  experience  some  blurring  of  vision. 
The  visual  control  of  his  eye  movements  has  been  reduced  by  the  alcohol,  and  vestibu¬ 
lar  control  is  free  to  take  over  driving  the  eyes  relative  to  the  instruments.  This  in¬ 
creases  the  likelihood  that  he  will  misread  the  instruments  and  react  incorrectly. 
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causing  more  severe  maneuvering  and  what  may  be  the  beginning  of  an  irreversible, 
vicious  circle. 
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Means  and  Standard  Deviations  by  Session  for  Slow  Phase  Nystagmus  (deg/sec) 
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Results  of  t  Tests  Between  Pre-Drinking  and  Each  Post-Drinking  Measure  of  the  Slow  Phase  Displacement 


Table  III 

Results  oft  Tests  for  Within-Group  and  Between  "Group  Comparisons  of  Tracking  Error^ 
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FREQUENCY  OF  NYSTAGMUS  (BEATS/ SEC)  SLOW  PHASE  NYSTAGMUS  (DEG /SEC) 


CONTROL  GROUP 
LOW  ALCOHOL  GROUP 
MODERATE  ALCOHOL  GROUP 


Per  cent  change  in  compensatory  tracking  error  from  the  pre-drinking  level .  Display 
illumination  levels  were  0.1  ft— L  and  1 .0  ft— L . 
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